The present study aims at examining the effects of Si-Ni-San, a prescription usually used for treating hepatitis in Traditional Chinese Medicine (TCM), on various experimental liver injury models and its mechanisms. The prescription showed significant hepatoprotection against CCl 4 -induced hepatic damage, both in vivo and in vitro. To the liver injury induced by Bacillus Calmette-Guerin (BCG) with lipopolysaccharide (LPS), Si-Ni-San also provided significant alleviation through enhancing nitric oxide (NO) release by macrophages. Against the liver injury induced by a delayed-type hypersensitivity reaction to picryl chloride (PCl-DTH), Si-Ni-San alleviated it remarkably when administered during either the induction or effector phase. A significant reduction of in-vitro hepatotoxicity, as measured by the inhibition of serum transaminase evaluation, was observed in nonparenchymal cells from liver-injured mice treated with Si-Ni-San. Si-Ni-San facilitated apoptosis in nonparenchymal cells from liver-injured mice, as well as in spleen cells activated by PCl in vivo or by Con A in vitro. These results suggest that Si-Ni-San provides alleviating effects against liver injury through multiple mechanisms, including protection of the hepatocyte membrane, enhancement of NO release, and dysfunction of liverinfiltrating cells mainly through causing their apoptosis.
mined by using commercial kits according to the guidelines indicated.
Liver Injury Induced by BCGϩLPS in Mice Mice were injected via the tail vein with 1 mg of BCG in 0.2 ml saline (approximately 5ϫ10 7 viable units per mouse) or with saline alone; 10 d later, the mice were injected intravenously with 10 mg of LPS in 0.2 ml saline or with saline alone. Ten hours after the LPS injection, the mice were bled and the blood was collected for serum ALT and nitric oxide (NO) assay. The levels of serum ALT and NO were determined using commercial kits according to the guidelines indicated.
Liver Cell Preparation Parenchymal and nonparenchymal cells were isolated from naive or liver injured mice 12 h after the challenge with PCl by the modified two-step perfusion method. In brief, mice received pentobarbital intraperitoneally at a dose of 40 mg/kg. The liver was first perfused in situ via the portal vein with Ca 2ϩ -and Mg 2ϩ -free Hank's balanced salt solution (HBSS) supplemented with 0.5 mM EGTA (ethylene glycol-bis-((-amino ethyl)-N,NЈ-tetraacetic acid) (Dojindo Chemical Inst., Ltd., Kumamoto, Japan) and 25 mM HEPES (N-2-hydroxyethylpiperazine-N-2-ethane sulfonic acid) (pH 7.4) at 37°C until the blood in the liver was completely removed. Then, the solution was exchanged with 0.1% collagenase (182 units/mg, Wako Pure Chemical Industries, Ltd., Osaka, Japan) (Wako) in HBSS containing 4 mM CaCl 2 · 2H 2 O and 0.8 mM MgSO 4 · 7H 2 O. After a few minutes of perfusion, the liver was excised rapidly from the body cavity and dispersed into cold HBSS. The cell suspension generated was filtered through a 100-gauze mesh, and parenchymal hepatocytes were separated from nonparenchymal cells by differential centrifugation at 50 g for 2 min. The pellet containing hepatocytes was washed twice to remove dead cells and debris, and then suspended in William's Medium E with 2 mM L-glutamine (GIBCO BRL) containing 10% (v/v) newborn-calf serum, 100 U/ml of penicillin and 100 U/ml of streptomycin (WE medium). The supernatant obtained after the first centrifugation of the slurry generated by perfusion of the liver with collagenase was centrifuged at 300 g for 10 min to obtain nonparenchymal cells. The nonparenchymal cell pellets were washed twice with RPMI 1640 (Gibco BRL) containing 100 U/ml of penicillin, 100 mg/ml of streptomycin and 10% new born bovine serum (RPMI 1640 medium). The hepatocytes and nonparenchymal cells were found to be about 90% viable, as estimated by trypan blue exclusion, and were generally used immediately for culture or for apoptosis measurement.
Cell Culture and Transaminase-Releasing Assay Hepatocytes were suspended in WE medium at a density of 1ϫ10 5 cells/ml. Portions (0.2 ml) were seeded onto 96-well microplates (Nunc) and cultured in a humidified incubator at 37°C with 5% (v/v) CO 2 in air. After 5 h, the hepatocyte monolayers were washed twice with WE medium, and 8ϫ10 4 nonparenchymal cells were added to the wells. After 3 h of further culture, the supernatant was collected and used for the assay of ALT activity.
Preparation of Splenocytes Splenocytes were obtained from PCl-twice sensitized or naive mice. Briefly, the spleen was removed in a sterile manner and cells were dissociated in 5 ml of RPMI 1640 medium. The cell suspension was centrifuged at 200 g for 5 min. After removing the supernatant, the solution containing 0.17 M Tris (hydroxymethylaminomethane) and 0.75% NH 4 Cl was used to remove erythrocytes. After being washed twice, the cells were re-suspended in RPMI 1640 medium.
Culture of Macrophage and Measurement of NO J774A.1 cells (Shanghai Institute of Cell Biology) were cultured with RPMI 1640 medium (without phenol red) in 24-well plates (2ϫ10 6 macrophages per well in a volume of 1 ml) (Nunc) at 37°C in 5% CO 2 /95% air for 2 h adherence. Then they were incubated in the absence or presence of LPS (final concentration 10 mg/ml) for 48 h for NO assay. Each assay was carried out in triplicate.
The serum NO level was determined as nitrite and nitrate, the stable metabolites of NO, by a commercial NO measurement kit. As the kit instructions indicated, the nitrate in serum was reduced into nitrite by nitrate reductase with a conversion rate of more than 90%. On the other hand, the NO release from J774A.1 cells in culture supernatant was determined as nitrite by Griess reagent. 8) Briefly, 100 ml of culture supernatant from 2ϫ10 5 J774A.1 cells were incubated at room temperature for 10 min with 100 ml of Griess reagent (0.5% sulfanilamide, 0.05% N-(1-naphthyl) ethylenediamine dihydrochloride in 2.5% H 3 PO 4 ). The OD values of the samples were then read at 540 nm. A standard curve using NaNO 2 was then used to calculate NO 2 Ϫ concentrations. Apoptosis Measurement DNA fragmentation was quantified by the diphenylamine method with minor modification. 9, 10) Briefly, cells were lysed with 0.4 ml of lysis buffer (10 mM Tris, pH 7.5, 1 mM EDTA, pH 8.0, 0.5% Triton X-100) at room temperature for 30 min. The lysate was centrifuged at 13000 g at 4°C for 10 min to separate the intact from fragmented chromatin. The supernatant, containing fragmented DNA, was transferred into a separate tube. Both sediment and supernatant were brought to 12.5% trichloroacetic acid and left overnight at 4°C. After being centrifuged at 20000 g at 4°C, the DNA in the precipitates was hydrolyzed by heating to 90°C for 10 min in 80 ml of 5% trichloroacetic acid, and then 160 ml of diphenylamine reagent (0.15 g diphenylamine, 0.15 ml sulfuric acid, 2.5 ml of 40% acetaldehyde/10 ml glacial acetic acid) were added into each tube. After color development overnight at room temperature, the absorbance was read at 595 nm. The ratio of DNA fragmentation was recorded as the percentage of fragmented DNA to total DNA.
DNA electrophoresis was measured as described by Yamada.
11) Briefly, portions of 1ϫ10 6 cells with or without drug treatment were washed and spun down. Pellets were re-suspended in 0.6 ml of lysis buffer and incubated for 10 min on ice. After centrifugation at 20000 g, supernatants were mixed gently for 2-3 min with an equal volume of TE-saturated phenol (Wako), followed by centrifuging and mixing supernatants with chloroform : isoamylalcohol (24 : 1). Then, the supernatants containing DNA after centrifugation at 20000 g were precipitated overnight at Ϫ20°C in 0.3 M NaCl and 70% ethanol. The loading buffer (Wako) containing 0.02% bromophenol blue, 0.02% xylene cyanol FF, 50% glycerol and 0.1% sodium dodecyl sulfate was then added to the samples at 1 : 10 (v/v) ratio. Electrophoresis was carried out in 2% agarose for 90 min at 50 V, and DNA was visualized with ethidium bromide.
Statistics Data were expressed as meanϮS.D. Statistical analysis was evaluated by one-way analysis of variance (ANOVA), followed by the Student-Newman-Kanuls test for multiple comparisons which was used to evaluate the difference between two groups. pϽ0.05 was considered significant.
RESULTS
Hepatoprotection Activity of Si-Ni-San from CCl 4 in Vivo and in Vitro Si-Ni-San (100, 200 mg/kg) and BDD (150 mg/kg) were administered p.o. for 7 d. One hour after the final administration, mice were injected i.p. with 0.15% of CCl 4 in olive oil (0.2 ml/20 g body weight). The mice were sacrificed 22 h later for assaying the serum ALT and AST activities. As shown in Table 1 , treatment with CCl 4 caused a remarkable enzymatic elevation (CCl 4 group) compared with normal mice. Both 100 and 200 mg/kg of Si-Ni-San, as well as the positive control, BDD, showed significant inhibition of this CCl 4 -induced ALT and AST elevation.
Hepatocytes isolated from naive mice were pre-treated with Si-Ni-San for 3 h. After being washed twice with the medium, 0.1 ml of 0.2% of CCl 4 was added for another 1 h incubation, followed by determining the ALT activity in the supernatant. Si-Ni-San inhibited the CCl 4 -induced ALT release in a dose-dependent manner (Fig. 1) .
Alleviation of BCGϩLPS-Induced Liver Injury in Mice by Si-Ni-San Si-Ni-San (100, 200 mg/kg) and BDD (150 mg/kg) were administered p.o. for 10 d from the day of BCG injection. L-NNA was injected i.p. twice at 150 mg/kg at 2 h before and 0 h after LPS injection. As shown in Table  2 , a remarkable elevation in serum ALT activity was observed in BCGϩLPS treated mice (BCGϩLPS group) as compared with the normal level. Compared to the BCG+LPS group, both doses of Si-Ni-San caused a significant decrease in serum ALT level, with an increase in NO level, while the co-administration of L-NNA almost completely blocked the inhibitory activity of Si-Ni-San on the elevation in ALT, with a significant reduction in serum NO level. However, BDD significantly reduced the ALT release without affecting the NO production.
Enhancement of LPS-Induced NO Production in J774A.1 Cells by Si-Ni-San J774A.1 cells were cultured in RPMI 1640 medium in 24-well plates (2ϫ10 6 cells per well in a volume of 1 ml) (Nunc) at 37°C in 5% CO 2 /95% air for 2 h adherence. Then they were incubated in the absence or presence of LPS (final concentration 10 mg/ml) and/or Si-Ni-San. As shown in Table 3 , Si-Ni-San significantly enhanced the LPS-induced NO production in a dosedependent manner.
Improvement of the Liver Injury Induced by PCl-DTH in Mice by Si-Ni-San with Reduced Hepatotoxicity of Nonparenchymal Cells Si-Ni-San (100, 200 mg/kg) was Mice were injected via the tail vein with 1 mg of BCG in 0.2 ml saline or with saline alone; 10 d later, the mice mere injected intravenously with 10 mg of LPS in 0.2 ml saline or with saline alone. L-NNA was injected i.p. twice at a dose of 150 mg/kg 2 h before and 0 h after LPS injection. Ten hours after the LPS injection, the mice were bled and the blood was collected for serum ALT and NO assay. 6 macrophages/ml/well) (Nunc) at 37°C in 5% CO 2 /95% air for 2 h adherence. Then, they were incubated in the absence or presence of LPS (final concentration 10 mg/ml) and/or Si-Ni-San for 48 h for NO assay. Each datum represents the meanϮS.D. of 3 experiments, and each experiment included triplicate sets. One-way ANOVA revealed a significant effect at pϽ0.01. * pϽ0.05, * * pϽ0.01 vs. LPS group (Student-NewmanKanuls test).
Fig. 1. Effect of Si-Ni-San on CCl 4 -Induced Hepatocyte Damage in Vitro
Hepatocytes (2ϫ10 4 cells in 0.2 ml WE medium) were pre-cultured in a 96-well microplate for 5 h. After being washed twice, they were treated with the various concentrations of Si-Ni-San for 3 h. Then, the hepatocytes were exposed to 0.2% CCl 4 for 1 h, followed by collection of the supernatant to assay alanine transaminase. Each datum represents the meanϮS.D. of 3 experiments, and each experiment included triplicate sets. One-way ANOVA revealed a significant effect at pϽ0.01. * pϽ0.05 vs. CCl 4 group (Student-Newman-Kanuls test). administered p.o., and cyclophosphamide (10 mg/kg) was given i.p. for 10 d from the 1st PCl sensitization (induction phase), or for 3 times, at 0, 5 and 10 h after the PCl challenge (effector phase), respectively. As shown in Fig. 2 , the elevation in serum ALT and AST activities was significantly inhibited by Si-Ni-San and cyclophosphamide when given in either the induction or effector phase. In histopathological examinations, the main changes in liver injury were inflammatory infiltration and hepatocellular coagulation necrosis, as reported previously. 5, 6, [12] [13] [14] These changes were remarkably reduced in most of the mice by Si-Ni-San and cyclophosphamide (data not shown).
In the case in which Si-Ni-San (200 mg/kg) was given 3 times (0, 5, 10 h) after picryl chloride challenge, the nonparenchymal cells and hepatocytes were also isolated 2 h after the last administration. Compared with the liver injury group, nonparenchymal cells obtained from mice administered p.o. with Si-Ni-San showed significantly lowered hepatotoxicity, consistent with the significant inhibition of serum ALT elevation (Fig. 3) .
Facilitated Apoptosis by Si-Ni-San of Nonparenchymal Cells and Splenocytes from Mice with PCl-DTH Liver Injury as Well as in Splenocytes Activated by Con A in
Vitro Nonparenchymal cells and spleen cells were isolated from normal mice and mice with PCl-DTH liver injury 12 h after the PCl challenge. In another case, splenocytes from naive mice were activated by 5 mg/ml of Con A at 37°C in 5% CO 2 humidified air for 48 h. After co-culture with Si-NiSan for 6 h, DNA fragmentation in nonparenchymal cells and splenocytes from mice with PCl-DTH liver injury was induced in a Si-Ni-San-dose-dependent manner, as well as in Liver injury was induced by PCl-DTH. Si-Ni-San was given three times (0, 5, 10 h) after the picryl chloride challenge of liver. Two hours after the last administration, serum was collected and liver nonparenchymal cells and hepatocytes were isolated. Hepatocytes (2ϫ10 4 ) in WE medium (0.2 ml) were precultured in a 96-microplate for 5 h. After being washed twice, they were co-cultured with 8ϫ10 4 nonparenchymal cells at 37°C for a further 3 h. The supernatant was then collected and assayed for ALT activity. Each column represents the meanϮS.D. of 3-4 mice. One-way ANOVA revealed a significant effect at pϽ0.01. * pϽ0.05, * * pϽ0.01, vs. liver injury group (Student-Newman-Kanuls test). (Figs. 4, 5) . No effect of Si-Ni-San on nonparenchymal cells or splenocytes isolated from normal mice was observed (data not shown).
DISCUSSION
The present study first examined the effects of Si-Ni-San on CCl 4 -induced liver injury in mice. A 7-d preventive administration of the prescription significantly inhibited the elevation of ALT and AST levels as did BDD, a hepatoprotective agent (Table 1) . Similarly, the prescription demonstrated significant hepatoprotection against CCl 4 -induced hepatic damage in vitro in a dose-dependent manner (Fig. 1) . These results suggest that Si-Ni-San may protect the hepatocyte membrane.
The pathogenesis of LPS-elicited liver damage in BCGpretreated mice includes the infiltration of monocytes or macrophages into the liver and the release of soluble factors toxic to hepatocytes. To this liver injury, Si-Ni-San also showed significant inhibition of the ALT elevation with an increased serum NO level (Table 2 ). This improving effect of Si-Ni-San against BCGϩLPS-induced liver injury was markedly blocked by L-NNA, an inhibitor of NO production. Additionally, Si-Ni-San significantly enhanced LPS-induced NO production in J774.1 cells, the cell line of macrophages (Table 3) . Since the protective role of NO on liver injury has been well reported, 15, 16) the above results suggest that the improvement of Si-Ni-San against liver injury may be related to the enhancement of NO production.
Considering the role of T cell-mediated cellular immunity in clinic hepatitis [17] [18] [19] [20] and the effect of Si-Ni-San on T lymphocytes, 21) the Si-Ni-San was applied to the third model of liver injury induced by a delayed-type hypersensitivity (DTH) reaction to picryl chloride that was established by us, and compared with cyclophosphamide, an immunosuppressor. The key role of the CD4 ϩ T lymphocytes that mainly constitute liver-infiltrating leukocytes in this model has been reported in our previous papers. 5, 6, 12) Against this model, SiNi-San showed remarkable alleviation when administered during either the induction or effector phase, as did cyclophosphamide (Fig. 2) . These findings suggest that the prescription alleviates liver injury not only by protecting the hepatocyte membrane, as BDD does, but also by affecting the immunity, similarly to cyclophosphamide. To elucidate its mechanism, we further investigated the effect of Si-Ni-San on the cytotoxic activity of liver-infiltrating cells against hepatocytes by using a nonparenchymal cell-hepatocyte co-culture assay. This assay has been described previously, 6) where we showed that nonparenchymal cells from liver injured mice induced the release of ALT and AST from hepatocytes in vitro, and the peak potential for ALT release was observed in the nonparenchymal cells isolated 12 h after the induction of liver injury. In this study, consistent with the inhibition of serum ALT by Si-Ni-San, the isolated nonparenchymal cells from Si-Ni-San-administered mice with liver injury lost their hepatotoxic potential almost completely (Fig. 3) . These results indicate that the inhibition of serum transaminase activity by Si-Ni-San may be due to the dysfunction of liver nonparenchymal cells, and the in vitro co-culture assay could well reflect the in vivo mechanism. Furthermore, Si-Ni-San remarkably inhibited the proliferation of spleen cells induced by Con A. 22) These findings suggest that Si-Ni-San may alleviate immunological liver injury not only through inhibiting the activation of liver-infiltrating T lymphocytes, but also by inducing the dysfunction of activated lymphocytes. We 6) have previously analyzed the cell populations contained in nonparenchymal cells, i.e. the population expressing LFA-1 molecule increased from 32-36% at 0 h to 72.6-78% at 12 h of liver injury. This change was due to the infiltration of lymphocytes to the liver, and the nonparenchymal population at 12 h included 47.9% CD4 ϩ T cells and 23.2% CD8 ϩ T cells. Treatment of nonparenchymal cells with anti-CD4 or anti-CD8 monoclonal antibody plus complement after 12 h, when hepatotoxicity was at its peak, abolished the release of ALT from parenchymal hepatocytes completely or slightly, respectively. Since the nonparenchymal cells at 0 h were not hepatotoxic, these findings suggested that the liver injury was caused by liver-infiltrating lymphocytes in the nonparenchymal cells rather than by resident liver cells. This was supported by the result that Kupffer cell-enriched cells in nonparenchymal cells had no hepatotoxic potential. Based on these findings, the next experiment was performed to examine how Si-Ni-San affects the function of liver-infiltrating cells. Several studies have shown the importance of apoptosis in regulating the development and maturation of the immune response. 23, 24) Based on these findings, we next examined the apoptosis of nonparenchymal cells. Both the diphenylamine method and DNA electrophoresis revealed that the prescription significantly induced apoptosis in nonparenchymal cells and splenocytes from mice with PCl-DTH liver injury, as well as in splenocytes activated by Con A in vitro (Figs. 4, 5 ), but not in normal nonparenchymal cells or normal splenocytes (data not shown). These findings imply that the apoptosis in nonparenchymal cells, mainly the liver-infiltrating cells, induced by Si-Ni-San might be an effective means of causing their dysfunction.
Overall, the present study together with our previous results 22) provided an evidence for the alleviating effects of Si- Nonparenchymal cells and splenocytes were isolated 12 h after the PCl challenge. In another case, splenocytes from naive mice were activated by 5 mg/ml of Con A at 37°C in 5% CO 2 humidified air for 48 h. After being co-cultured with Si-Ni-San for 6 h, DNA electrophoresis was determined as described in Materials and Methods. The results are representative of two separate experiments. SPC-PCl: splenocytes from mice with PCl-DTH liver injury; SPC-Con A: splenocytes from normal mice and activated by Con A in vitro; NPC-PCl: nonparenchymal cells from mice with PCl-DTH liver injury.
Ni-San against liver injury through multiple mechanisms. Its mechanisms include protection of the hepatocyte membrane, production of NO in macrophages as a protective factor, inhibition of lymphocyte activation, and the dysfunction of liverinfiltrating cells through causing their apoptosis. Although the anti-hepatotoxic effect of Glycyrrhizae Radix, a constituent medicinal plant of Si-Ni-San, has previously been reported, we have found that the effect of Si-Ni-San is stronger than that of Glycyrrhizae Radix. Detailed studies are in progress to determine which components of Si-Ni-San promote NO production, protect the hepatocyte membrane, inhibit lymphocyte activation, and cause liver-infiltrating cell apoptosis.
